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The above amendments to the claims have been made to remove the multiple 
dependencies and otherwise place the claims in better form for initial examination and no 
substantive change in the scope thereof is intended. Additionally, a substitute specification is 
appended hereto and is requested to be used in place of the translated German language text. 
Furthermore, a mark-up copy of the substitute specification is also appended hereto and from 
which the Examiner can confirm that no new matter has been added to the substitute 
specification. 
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PROCESS FOR PRODUCING A FUEL CELL STACK 

Background of the Invention 

Field of the Invention 

[0001] The invention relates to a process for producing a fuel cell or a fuel cell stack 

with the following steps: a) Providing a first duplicating unit with a first sealing surface, and at 
least a second duplicating unit with a second sealing surface; and b) forming at least one seal 
section between the first sealing surface and the second sealing surface. 

Description of Related Art 

[0002] For example, SOFC fuel cell stacks (SOFC = "solid oxide fuel cell") comprise a 

plurality of so-called duplicating units between which there are seals wliich in many caseswhich, 

in many cases, establish the spacing of the duplicating units and fin exaiupleunits, and for 

example, seal openings which extend in the stack direction of the fuel cell stack. Furthermore, 
there are generally an upper and a lower end plate and current collector plates. Fuel cell stacks 
are known in which the individual layers are rigidly cemented (for example, by a glass paste), as 
are fuel cell stacks which have detachable, compressible seals or compound seals. 
[0003] One problem in the production of fuel cells or fuel cell stacks is that the 

individual seals are extremely complex to produce, in many case — fox — example andJn 
many case, for example, a large amount of waste being formed in punching. Furthermore 
■art — present — only — very — fcime - consumingFnrthermore, at present, only very time 
consuming series fabrication is possible. For this purpose, doctoring a glass paste which 
forms the sealing compound in series on each individual duplicating unit or placing it in 
beads using a dispenser is known. Series fabrication irs — f urthermoreis, fiirthermore, 
susceptible to faults. For example, the failure rate of a fuel cell stack is: 
Failure rate = 1 - ( 1 -p) n , 

n being the number of seals and p being the failure probability of an individual seal. 



Summary of the Invention 
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[0004] The object of the invention is to develop a generic process such that the fault 
susceptibility is reduced and parallel fabrication becomes possible. 
This object is achieved by the featuies of claim 1. 

Advantageous embodiments and developments uf the invention follow fioin die 

dependent claims. 

[0005] The invention is based on the generic piioi ait in that Qie step b) 

comprises the following: bl) arrangement ofarranging a template between thea first sealing 
surface and thea second sealing surface, the template having at least one edge area which is 
located adjacent to the seal section which is to be formed; b2) placement ofand placing a 
sealing compound in the area which is bordered by the first sealing surface, the second 
sealing surface and the edge area of the template. This approach enables rapid and controlled 
assembly in which several seals can be aligned at the same time. Furthermore, the material loss,, 
compared to known processes, is low, as is the fault susceptibility. The dimensions of at least 
one seal section which is to be formed can be easily influenced by the choice of the dimensions 
of the template. 

The advantages of the process as claimed inof the invention become especially apparent 
when it is provided that there is a plurality of duplicating units on top of one another for 
stacking a fuel cell stack,betweentwo adjacent duplicating units at a time at least one template at 
a time being piovided.provided between a respective hi tliis case a pluiality of seal sections 
piovided between the individual duplicating units can be pioduced in paiallel. 

Fmtheimoie, it is piefened that t he template be fonned at least in pait fioni an oiganic 

fiber material, a caibon fibei material oi a coiiesponding composite material. Th e respective 
material can be foi example a felt, nonwoveii, knit oi woven fabiic. 

Furtheinioie, it can be advantageously piovided that the template be completely oi 

paitially lemoved during and/oi aflei foiination of at least one seal section aud/oi changed 
paitially oi entiiely in its material properties: For example the template can consist of a 11011- 
teinpeiatiue lesistant (for example, for tenipeiatmes exceeding 800 q C), combustible, flat 
material, hi this case the template can be completely lemoved by burning aflei foimation of at 
least one seal section. Alternatively the template can consist of a material which instead of the 
pioperty of flaiimiability has the piopeity of losing its mechanical stability midei the action of 
temperatuie, i.e. collapsing under the action of a foice. Furthermore the material (oi its 
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decomposition pioducts) can be electiically insulating. For lliis puipose the mateiial can be 
funned foi examp le by an uiganic ui ceiamic fibei composite 01 foam mateiial in which undei 
the action of Leinpeialuie at least une stiucluie-foiuiiug component vapoiizes, bums 01 melts: 
As ah eady — mentioned; — a composite material — which lepiesents — a combiiiatioii of the 
afoiemenlioned mateiials is also possible. 

In piefened eiiibodinienls of the process as claimed in die invention it is piovided Uiat 

the sealing compound contains dispeised components foi a glass soldei. 

II is fuitheimoie piefened that the sealing compound is subjected at least in pait to a 

cuiing and/oi gelling process to form at least one seal section. The sealing compound piefeiably 
contains a curing agent component for cuiing or gelling. The curing agent component of die 
sealing compound can be advantageously added just briefly before injection 01 placement in the 
coiiesponding aiea. The cuiing 01 gelling agent can be activated for example by air feed, 
tempeiatuie 01 a chemical activatoi wliich has been applied to the template and/oi at least one 
sealing sui face. 

Without being limited hereto, it is prefeired that at least one seal section is foirned 

adjacent to the first lecess in the fiisl duplicating unit. The recess can be intended especially to 
form a gas channel wliich extends through the fuel cell stack. 

It can be similaily piovided that at least one seal section is formed adjacent to the fiist 

lecess in the second duplicating unit. Without being limited heieto, die piocess as claimed in the 
invention can be especially advantageously used when a fiist lecess in the fiist duplicating unit 
is aligned with the second lecess in the second duplicating unit in the stacking direction: 

Especially in this connection is it fuidieimoie piefened Uiat die template has a fiist 

lecess with dimensions wliich aie laigei than the dimensions of the fiist lecess in the fiist 
duplicating unit and/oi laigei than the dimensions of the fiist lecess in the second duplicating 
unit, hi this case the excess of the fiist lecess in the template establishes the width of die seal 
section to be formed while the height of the template establishes the height of the seal section 
which is to be foimed. 

hi especially piefened embodiments of the piocess as claimed in the invention, it is 

piovided diat the sealing compound accoiding to step 2b) is applied at least pai dally by way of 
the fiist recess i n the first duplicating unit and/oi by way of the fiist lecess in the second 
duplicating unit and/oi by way of the fiist lecess in the template. To apply the sealing compound 
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piefeiably a feed means w hich can compiise foi example a hose oi a tube is used. Piefeiably 
Iheie is a flange oi uthei co upling means with which the supply means can be cuniiected tu one 
of die fiist lecesses wiQi sealing. 

hi die above explained connection it is fuidieimoie consideied to be advantageous if it is 

piovided diat when die sealing compound is applied accoiding to step 2b) a maiidiel extends at 
least partially diiough die fiist lece ss in the fiist duplicating unit and/oi die fiist lecess in die 
second duplicating unit and/oi die Fust lecess in the template. The maiidiel piefeiably has only 
slightly smallei outside dimensions than the inside dimensions of the fiist openings. The 
viscosity of the sealing compound is piefeiably chosen such diat only little oi no sealing 
compound iuiis into the opening which is then cleaied when die maiidiel is lemoved. 

hi ceitain embodiments of the piocess as claimed in the invention, it is piovided that die 

fiist duplicating unit has a second t ecess and/oi die second duplicating unit has a second lecess 
and/oi t he template has a second lecess. Heie it is piefened that the existing second lecesses aie 
aligned widi one another in the stack dhection. 

hi tliis connection it is fuidieimoie piefened that the fiist lecess of the template is 

connected to the second lecess of the template by way of die fiist channel, hi this case the 
second lecesses which aie aligned with one anothei can foim a filling channel foi the sealing 
compound, the sealing compound tiavelling by way of the fiist channel fiom the fill opening to 
the fiist lecesses in which piefeiably the afoieiiieiitioned maiidiel is located. Heie it is 
consideied to be advantageous if the fill channel has a cioss sectional aiea which is lelatively 
laige compaied to the cioss sectional aiea of the seal section which is to be formed: hi diis way 
die hydiodynaiiiic piessuie loss in the fill channel is much smallei than in the sealing channel 
when a fluid (oi die sealing compound) flows tluougli die two channels. 

It can be fuidieimoie piovided that the application of die sealing mass accoiding to step 

2b) takes place at least in pait by way of the second lecess in die fiist duplicating unit and/oi by 
way of die seco nd recess in the second duplicating unit and/oi by way of the second lecess in 
the template. 

It can be fuidiei moie piovided that after completion of step 2b) die sealing compound 
piesent in die second lecess in the fiist duplicating unit and/or in die second lecess in die second 
duplicating unit and/oi in the second tecess in the template is at least partially lemoved again, 
especially using a second maiidiel. Alternatively the sealing compound can lemaiii in the 
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channel funned by the second lece sses and can cuie theie hi oidei lu inciease die stability of die 
oveiall stiuctuie. 

For all embodiments of the piocess as claimed in the invention it is piefeued that the 

fust duplicating unit and the second duplicating unit aie at least tempoiaiily coinpiessed in the 
couise of step b), piefeiably by at least one contiolled foice component. When die sealing 
compound is being added this pt events the duplicating units fiom being moved apait by the 
sealing compound, hi latei piocess s teps the coinpiession can contiibute to causing a collapse of 
the template(s). 

Any fuel cell stack wliich i s pioduced widi the piocess as claimed in the invention falls 

within the piotective scope of tliis invention. 

This applies especially to a fuel cell stack wliich is chaiacteiized in that at least two seal 

sections which aie at least essentially aligned with one anothei in the stack diiection of the fuel 
cell stack aie connected b y sealing compound. The seal sections which aie connected by the 
sealing compound and wliich aie l ocated on top of one anothei between seveial duplicating 
units constitute a distinct indicatoi that the piocess as claimed in the invention has been used. 

The findi ng that by using templates located between two duplicating units at a time it is 

possible to foim a pluiality of seals which aie to be piovided on top of one anothei at the same 
time is ciitical to tliis invention. 

Piefeued embodi ments of the invention aie explained by way of example below using 
the diawings. 

Figuie 1 shows top views and cross sectional views along the line of intei section I-I of a 

fiist and a second duplicating unit and of a template; 

Figuie 2 shows t he template fioin Figuie 1 located on the first duplicating unit flom 
Figuie 1 in a top v iew and a cioss sectional view along the line of intei section I-I, 

Figuie 3 shows t he second duplicating unit fiom Figuie 1 located on the arrangement 
fiom Figuie 2 in a top view and a cioss sectional view along the line of intei section I-I, 

Figuie 4 shows a cioss sectional view accoiding to the line of intei section I-I of Figuie 3 
wliich illustiates t he application of the sealing compound; 

Figuie 5 shows a top view of the aiiaiigeineiit fiom Figuie 4 along the line of 
intei section II-II, and 

Figuie 6 shows a t op view o f a com pleted seal section conespoiiding to Figuie 5. 
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Figuie 1 shows tup views and cioss sectional views along the line of intei secti on I-I of a 

fiist 10 and a second duplicating unit 16 and of a template 22. As shown in Figui e 1, the Fust 
duplicating unit 10 has a fiist sealing smface 10a and a fust opening 12 and a second opening 
14, The second duplicating unit 16 has a second sealing suiface 16a and a fust lecess 18 and a 
second lecess 20. 

In this case the stiuctuie of die fiist duplicating unit 10 and the stiuctu ie of the second 

duplicating unit 16 aie identical although the invention is not limited to these embodiments 
since applications aie also possible in which seals aiianged diffeiently aie foimed between 
diffeieut duplicating units. 

A template 22 is shown between the fiist duplicating unit 10 and die second duplicating 

unit 16. The template 22 has a fiist lecess 24 and a second lecess 26. The peiipheiy of the fiist 
lecess 24 in the template 22 in tliis case defines an edge aiea 32 which is intended to be located 
adjacent to the seal section which is to be foimed. The fiist lecess 24 and the second lecess 26 
of the template 22 aie connected to one anothei by a fiist channel 28. Fuitheimoie, the outside 
peiipheiy of the template 22 is connected by way of a second channel 30 to die fiist lecess 24. 

Figuie 2 shows the template 22 flom Figuie 1 located on the fiist duplicating unit 10 

from Figuie 1 in a top view and a cioss sectional view along the line of intei section I-I. Figuie 2 
shows that the dimensions of the fiist lecess 24 in the template 22 aie chosen to be somewhat 
laigei that the dimensions of the fiist lecess 12 in die fiist duplicating unit 10. The excess of the 
fust lecess 24 in the template 22 defines the width of the seal section which is to be foimed and 
wliich is to be made in tliis case essentially in the shape of a ciiculai ling aiound of die fiist 
lecess 12 of the fust duplicating unit 10. 

Figuie 3 shows the second duplicating unit 16 flom Figuie 1 located on the aiiaiigeineiit 

from Figuie 2 in a top view and a cioss sectional view along the line of intersection I-I. Here the 
template 22 is located between the fiist duplicating unit 10 and the second duplicating unit 16 
such that the fiist lecesses 12, 18, 24 and the second iccesses 14, 20, 26 aie aligned with one 
another in the stack diiection, at least in essence. 

Figuie 4 shows a cioss sectional view accoidiug to the line of intei section I-I of Figuie 3 

wliich illustiates the application of the sealing compound 40 and Figuie 5 shows a top view of 
the aiiaiigenient fioin Figuie 4, along the line of intei section II-II. 
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; — Foi llit; sake of clarity, Figui e 4 show s only Lwu duplicating units 10, 16 willi a template 

22 located in between. But one skill ed in the ait easily lecognizes that the piocess as claimed in 
the invention entails advantages especially when a fuel cell stack is stacked with a pluiality of 
duplicating units and templates located between them. 

Recesses aligned widi one anothei in the individual duplicating units can foim one or 

inoie channels which extend essentially paiallel to the stack axis tluough the fuel cell stack, 
especially gas supply channels, hi this case the seal gaps wliich foim between the individual 
duplicating units must be sealed to pievent escape of gas to the outside when the fuel cell is in 
opeiatio n. The seals which aie made as claimed in the invention between the duplicating 
unitsshould generally be made electiically insulating so that the duplicating units aie not 
electiically shoit-ciicuited. Fuilheii nore, it is necessaiy in many cases for the seals to be fluid- 
light even at hig h tempeiatuies and piefeiably also undei mechanical vibxalions, foi wliich 
reason especially a glass soldei is considered as the seal inaleiial. 

Furlheim ore, Figuie 4 shows only one lower end plate 34 . I t is howevei cleai to one 

skilled in the art that the fuel cell slack geneially also has an upper end plate wlrich is not 
shown, hi the illustrated case the end plate 34 does not have an opeiring which is aligned to the 

first openings 12, IS, 24 tii id is thcicfuic used as a pcinicuiciil blueking clement which also 

lemaiiis a component of th e ariangemeirt even alter the sealing compound 40 is applied. 

Alternatively the use of at least one temporaiy blocking element wlrich is leinoved after 
the sealing compound is ap plied is conceivable. Sinhlaily both peiiiianent and also temporary 
clampin g devices foi mechanical biacing of die fuel cell stack aie possible. 

Although, as mentioned, with the piocess as claimed in the invention pieferably a 
pluiality of seal se c t ions is pioduced at the same time, lire pioduction of only one seal section 42 
wlrich seals the first recesses 12, 18 in the duplicating mrils 10, 16 is explained below. 

To product the seal section, the fiist duplicating unit 10, the template 22 and the second 
duplicating unit 1 6 aie stacked on one end plate 34 such that the respective lecesses 12, 18, 24 
oi 14, 20 , 26 aie aligned with one anothei. The second lecesses 14, 20, 26 foim a supply oi fill 
openingfoi the seal ing compound 40. A supply means 38 wliich is shown only schematically in 
Figuie 4 is connec ted to this fill opeiring with sealing so that the sealing compound 40 wlrich 
has been applied to the second lecesses 14, 20, 26 tiavels by way of the channel 28 of the 
template 22 into the first lec esses 12, 18 and 24. The sealing compound is preferably applied 
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undei liigli piess uie. Accoiding to the hydiodynaiiiic piessuie loss geneially the fill channel 
founed by the two lece sses 14, 20, 26 is completely filled fiist. Afleiwaids the sealing 
compound 40 is distributed in the sealing channels. The displaced ail can leave the channels foi 
example tluough the second channel 30 of the template 22 oi tliiough the template 22 if it has a 
poious stiuctuie. 

During application of the s ealing compound 40 the entile aiiaiigenient is coinpiessed by 

an externally applied, piefeiably contiolled foice F. The second channel 30 of the template 22 
makes it possibl e foi a sealing compound 40 which may have been applied in excess to escape 
again, hi the fiist l ecesses 12, 18, and 24 which aie aligned with one anothei theie is a mandiel 
36 with outside di mensions which aie somewhat smallei than the inside dimensions of the first 
lecesses 12, 18. The mandiel 36 is used especially to suitably establish the cioss sectional latio 
of the fill opening which has been formed by the second lecesses and the seal which is to be 
fomied in ordei to achieve hydiodyiiamically favorable piopeities. 

At the end of the filling piocess all sealing channels aie filled with the sealing 
compound 40. Fuithei piessing-in o f the sealing compound 40 leads to the sealing compound 40 
penetiati ng into the second channel 30 oi into the poie stiuctuie of the template 22. This lapidly 
incieases the pres sure in the sealchaiinel and thus in the fill channel. This piessuie rise can be 
advanta geously detected in oidei to end the filling piocess. 

Basically it holds that the a pplication of the sealing compound 40 can be suppoited by a 
negative piessuie (vacuum) which pievails against the outei sides of the template 22 lelative to 
the inner sides. Si nce the piessuie is continuously equalized by the second channel 30 and the 
poious configuiatioii of the t emplate 22, the negative piessuie must be maintained if necessaiy 
by conti nuous aflei -pumping in the device. The negative piessuie piovides foi the sealing 
compoun d being sucked moie lapidly into the lecess of the template 22 and foi pieventing the 
foiinatiou of ah inclusions/ah bubbles. 

As soon as the sea ling compound 40 is fixed in its gap, the mandiel 36 can be leinoved 
without a significa nt amount of the sealing compound 40 travelling into the fiist lecesses 12, 18. 
But alternatively it can likewise be piovided that the mandrel 36 is foiined foi example by a tie 
lod which is leil in the fuel c ell stack in oidei to maintain biacing of the finished pioduct. Afler 
the supply means 38 has be en decoupled, the entile arrangement is placed foi example in a 
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furnace, optionally while maintaining compiession by the foice F in oidei to cuie the sealing 
compound 40. 

hi this case, due to the temperatnre rise ilie sealing compound 40 fiist leleases its 

solvents oi diluents and possible bindeis. The vapois can escape tliiough the second channel 30 
of die template 22 oi tliiough tlie template 22 if it is made poious. As time pi ogi esses, after all 
the bindeis and solvents have escaped horn the sealing compound, die sealing compound is 
piesent foi example as the diy law substance of a glass soldei, i.e. as a poious body with the 
shape of the seal section which is to be foimed. Such a poious base body constitutes a 
mechanical lesist ance when the fuel cell stack is compiessed (i.e. when the sealing suifaces 10a, 
16a aie compiessed). The poie body will theiefoie possibly collapse in a contiolled inaiuiei as 
the coiiipiession inci eases and in doing so deciease in its height (i eduction of poie volume). As 
time pas ses, the components of the seal section oi of the sealing element begin to sintei and melt 
accoiding to the compositi on of the glass solder, hi doing so a tiansition takes place fiom the 
solid to a highly viscous liquid consistency of the sealing element. As the tempeiatuie inci eases 
fuithei, the glass solder m elts completely and wets the suifaces of successive duplicating units 
10, 16, which suifaces aie to be sealed against one anothei. The high quality non-New tonian 
flow behavioi of such a glass melt and t he capillaiy action within the sealing gap pievent the 
glass soldei fiom being piessed completely out of the sealing gap witliiii a defined time inteival, 
even as the sealing suifaces aie fuiQiei compiessed. The continued coiiipiession and thus the 
leduction of the height of the sealing element aie advantageous foi equalizing the sluinkage of 
the seal section which can occm by die lelease of bindeis and solvents as well as enclosed ail 
and gas bubbles. 

Fuithei coiiipiession of die fuel cell stack in the couise of die joining piocess can take 

place for example accoiding to the two following veisions. 

In the case of a combusti ble template 22 it bums piefeiably without lesidues as the 
tempeiat uie continues to tise. Coiiipiession of the fuel cell stack caused by tempoiaiy oi 
peiiiiaiie nt biacing of the fuel cell stack dming the combustion piocess causes the template 22 to 
collapse dming co mbustion. The successive duplicating units aie pievented fiom toucliing each 
odiei by the limiting and/oi ineteiing of the coiiipiession foice F. Toucliing would result in that 
die sealing comp ound 40 undei ceitain ciicuiiistances would be piessed completely out of the 
sealing gap and the duplicating units 10, 16 moieovei would electiically shoit ciicuit. By 
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limiting die fuice F the sealing compound 40 lemains essentially in its uiiginal funu in the plane 
wliieli was defined by the sealing gap so that a smface seal (seal section 42) is fuuned aiound 
the lecesses 12 and 18 which aie to be sealed. The height uf the seal sectiun 42 ui uf die sealing 
element is (somewhat) smallei tlian die height of the uiiginal aii gap (negative form) since the 
sealing compound 40, as m entioned, leleases bindei and solvent dming the melting piocess and 
thus slui nks. It is UieieFu ie advantageous to hack the biacing of the fuel cell stack dming 
combustion. 

hi another veision the tem plate 22 is not buined (without lesidue), but selective collapse 

of die template 22 is caused by the biacing of the fuel cell stack, suppoited by the loss (theiinal 
decomposition) of at least one stiuctuie-founiiig component. In this case the electiically 
insulating action of the template 22 oi of die coiiesponding decomposition pioducts can be 
advantageously used to icliably pievent shoit chcuits between successive duplicating units 10, 
+6: 

Figuie 6 shows a top view of a completed seal section coiiesponding to Figuie 5. Figure 

6 shows that the seal section 42 which has been pioduced as claimed in die invention extends in 
the shape of a chculai ling aiound the fiist iccess 12 in the fiist duplicating unit 10 so diat the 
seal section 42 foiins a channel which connects the Hist xecesses 12 and 18. The sealing 
compound piesent in the second iccess 14 was removed as shown in Figuie 6 befoie cuiing of 
the sealing compound 40 by means of anothei uiaiidiel (not shown). But embodiments are 
likewise conceivable in which the sealing compound 40 lemains in the second lecesses in oidei 
to inciease the stability of the oveiall stiuctuie. 

Althougli the above explained embodiments of the invention can be consideied 

especially advantageous, a pluiality of modifications is possible. Foi example embodiments aie 
conceivable in which theie aie no second lecesses so diat the sealing compound is added 
diiectly to die fiist lecesses. The inandiel 36 can be abandoned if necessaiy. It is likewise 
conceivable foi the inandiel 36 to be inseited only aflei the sealing compound is applied in 
oidei to leinove the sealing compound fiom the fiist lecesses. Alternatively die sealing 
compound can lemaiii in the fiist lecesses. 

Furthermore it can be piovided that the sealing compound 40 is filteied by a poious 

configuiation of die template 22. hi tliis case the second channel 30 of the template 22 is 
piefeiably omitted. The sealing compound 40 is piessed fioni the sealing gap duougli the 
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template 22 by the internal piessuie . Iii doing su sulid pai tides (glass soldei) aie letained while 
the diluen t uf the sealing c uuipumid 40 (watei) is piessed to Lhe outside as a filtiate and imis o!T. 
In this way, in spi te of hi ghly diluted sealing compound 40 which can tlieiefuie flow bettei a 
veiy compact blank foi the seal section which is to be made can be foimed (filtei cake). 

The lapid and co ntiolled outflow of the diluent Uiiough the poious stiuctuie of die 

template can be impioved by a suiface modification of the fiber oi poie stiuctuie by inci easing 
the wetting of the fibei/poie stiuc tuie by the solvent, hi die case of watei foi example a 
hydiophilic suiface layei oi impi egnation with a hydiophilic component can impiove die 
dischaige of watei to the outside. 

The featuies of the inventi on disclosed in the description above, in the diawings and in 

the claims can be significant to the implementation of the invention both individually and also 
in any combination. 
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Reference number list 

+0 fust duplicating unit 

+0a fiisl scaling suiface 

+2 fiist icccss 

+4 second icccss 

second duplicating unit 

±Ga secund scaling suifacc 

+8 fii st icccss 

20 secund icccss 

22 template 

24 first icccss 

26 secund icccss 

28 fiist channel 

30 secund channel 

52 edge aiea 

54 end plate 

56 inandiel 

58 supply means 

40 seal nialeiial 

42 seat-section 



* 
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CLAIMS 

1. Piocess foi pioducing a fuel cell oi a fuel cell stack with die following steps. 

a) Pioviding a fust duplicating unit (10) with a fust sealing surface (10a), and al 

least a secund duplicating unit (16) with a second sealing suiface (16a), and 

b) funning at least une seal section (42) between the fust sealing suiface (10a) and 

the second sealing sui face (16a); 

chaiacteiized in diat the step b) encohipasses the following. 

bt) arrangement of a template (22) between the first sealing suiface (10a) and the 

second sealing suiface (16a), the template (22) having at least one edge area (32) which is 
located adjacent to the seal section (42) which is to be foimed; and 

b2) placement of a sealing compound (40) in the aiea which is boideied by die first 

sealing suiface (10a), die second sealing suiface (16a) and the edge aiea (32) of the template 
(22): 

2. Piocess as claimed in claim 1, wheiein theie is a pluiality of duplicating units (10, 16) 

on top of one another foi stacking a fuel cell stack, between two adjacent duplicating units (10, 
16) at a time at least one template (22) at a time being piovided. 

3. Piocess as claimed in claim 1 oi 2, wheiein the template (22) is foimed at least in pait 

fiom an oiganic fibei mateiial, a carbon fibei mateiial oi a conespondiiig composite mateiial. 

4. Piocess as cla imed in one of the pieceding claims, wheiein the template (22) is 

completely oi paitially lemoved during and/oi after foimation of at least one seal section (42) 
and/oi is changed paitially or entiiely in its mateiial piopeities. 



5. Piocess as claimed in one of the pieceding claims, wheiein the sealing compound 

contains dispeised components foi a glass soldei. 
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6. Piocess as claimed in one of the pieceding claims, wlieiein die sealing compound (40) 

is subjected al le ast in pail to a cuiing and/m. gelling piocess to fouu at least one seal section 
(42). Template [sic] 

7. Piocess as claimed in one uf the pieceding claims, wlieiein at least uue seal section 

(42) is funned adjacent to die fiist lecess (12) in the fiist duplicatiiig unit (10). 

8. Pioce ss as claimed in one of the pieceding claims, wlieiein at least one seal section 

(42) is foimed adj acent to the fust lecess (18) in the second duplicating unit (16). 

— 9. Piocess as clai med in claim 7 oi 8, wlieiein the template (22) has a fiist lecess (24) 

with dimensions which a ie laigei than the dimensions of the fiist lecess (12) in the fiist 
duplicating unit (10) and/or laige i than the dimensions of the fiist lecess in the second 
duplicating unit (16). 

10. Piocess as claimed in claim 9, wlieiein that the sealing compound (40) accoiding to 

step 2b) is applied at least paitially by way of the first recess (12) in the fiist duplicating unit 
(10) and/oi by way of the fiist lecess (18) in the second duplicating unit (16) and/oi by way of 
the fiist lecess (24) in the template (22). 

11. Piocess as claimed in claim 10, wlieiein when the sealing compound is applied 
accoiding to step 2b) a mandiel (36) extends at least paitially tliiough the fiist lecess (12) in the 
fiist dupl icating unit (10) and/oi the fiist lecess (18) in the second duplicating unit (16) and/oi 
the fiist lecess (24) in the template (22). 

12. Piocess as cla imed in one of the pieceding claims, wlieiein the fiist duplicating unit 
(10) has a second lecess (14) aud/oi the second duplicating unit has a second recess (20) and/oi 
the template (22) has a second lecess (26). 

13. Piocess as clai med in claim 12, wlieiein the fiist lecess (24) uf the template (22) is 
connected to the second lecess (26) of the template (22) by way of die fiist channel (28). 
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14. Process as claimed in claim 12 ui 13, wlieiein application of the sealing compound 

accoiding lu step 2b) takes place at least in pait by way of die second xecess (14) in the fiisl 
duplicating unit (10) and/oi by way of die second lece ss (20) in die second duplicating unit (16) 
and/oi by way of the second xecess (26) in the template (22). 

15. Piocess as claimed in claim 14, wlieiein aflei completion of step 2b) the sealing 

compou nd (40) piesent in the second lecess (14) in the fust duplicating unit (10) and/oi in the 
second xecess (20) in the second duplicating unit (16) and/oi in the second lecess (26) in die 
template (22) is at least paitially leinoved again, especially using a second niaiidiel. 

16. Piocess as claimed in one of die pieceding claims, wlieiein the fust duplicating unit 

(10) and die second duplicating unit (16) aie at least tempoiaiily compiessed in the course of 
step b), piefeiably by at least one contiolled foice component. 

17. Fuel cell stack, pioduced with the piocess as claimed in one of the pieceding claims. 

18. Fuel cell stack as claimed in claim 17, wlieiein at least two seal sections wliich aie 

essentially aligned with one anothei in the stack dhection of the fuel cell stack aie connected by 
the sealing compound. 
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Abstract 

The invention lelates to a ineUiod fui piuducing a fuel cell stack, comprising die 

fullowiiig steps: a) piovidi ng a Fust icpeatiug unit (10) with a fiist sealing suiface (10a) and at 
least one second lepeating unit (16) with a secuud sealing suiface (16a) and b) funning at least 
one sealing section (42) be tween the fiist sealing suiface (10a) and the second sealing suiface 
(16a). — Accoiding to sai d invention, the step b) coinpiises. bl) aiianging a template (22) 
between the fust sealing suiface (10a) and die second sealing suiface (16a), wheieby said 
template (22) has at least one edge aiea (32) which is axianged adjacent to die sealing section to 
be foiined (42), and b2) in tioducing a sealing compound (40) into an aiea which is defined by 
the fust sealing suiface (10a), the second sealing suiface (16a) and the edge aiea (32) of the 
template (22). 

[0006] two adjacent duplicating units — In this case a plurality of seal sections provided hfitwepn 

the individual duplicating units can be produced in parallel 

[0007] Furthermore, it is preferred that the template he formed at least in part from an 

organic fiber material, a carbon fiber material or a corresponding composite material The 
respective material can be, for example, a felt, nonwoven, knit or w oven f abric, 

[0008] Furthermore^ it can be advantageously provided that the template be completely 

or partially removed during and/or after formation of at least one seal section and/or changed 
partially or entirely in its material properties — For example, the template can be made of a 
non-temperatnre resistant (for example, for temperatures exceeding 8 00° C ), combustible, fl at 
material In this case, the template can be completely removed by burning after formation of at 

least one seal section A1ternative1y ; the template ran he maHe of a material which instead of 

being flammable, has the property of losing its mechanical stability under the action of 

temperature, i e , collapsing under the action of a force Furthermore the material (or its 
decomposition products) Can be electrically insulating For this purpose the material can he 

formed, for example, by an organic or ceramic fiber composite or foam material in which, under 
the action of temperature, at least one stnichire-forming component vaporizes, burns or melts 
As already mentioned, — a — composite material which represents a combination of the 

aforementioned materials is also possihle 
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[0009] Tn preferred embodiments of the process of the in vent inn it is p rovided that the 

sealing compound contains dispersed components for a glass solder. 

[0010] It is furthermore preferred that the sealing compound is subj ected at least in 

part, to a curing and/or gelling process to form at least one seal section The sealing compound 

preferably contains a curing agent component for curing or gelling The curing agent component 
of the sealing compound can be advantageously added just briefly before inject ion or placement 
in the corresponding area — The curing or gelling agent can be activated for example by air 
feed temperature or a chemical activator which has been applied to the template and/or at least 

one sealing surface 

[0011] Without being limited hereto, it is preferred that at least one seal section is 

formed adjacent to the first recess in the first duplicating unit The recess can be intended 
especially to form a gas channel which extends through the fuel cell stack, 

[0012] Tt can he similarly provided that at least one seal section is formed adjacent to 

the first recess in the second duplicating unit Without being limited hereto the process as 
claimed in the invention can be especially advantageously used when a first recess in the first 
duplicating unit is aligned with the second recess in the second duplicating unit in the stacking 
direction, 

[0013] Especially in this connection, it is fiirthermore preferred that the template has a 

first reces s with dimensions which are larger than the d im e nsi ons of th e fi r s t r ecess in the first 
duplicating unit and/or larger than the dimensions of the first recess in the second duplicating 

unit — Tn this case, the excess of the first recess in the template establishes the width of th e s eal 

section to be formed while the height of the template establishes the height of the seal section 

which is to be formed 

[0014] Tn especially preferred embodiments of the process in accordance with the 

invention, it is provided that the sealing compound according to is applied at least partially by 

way of the first recess in the first duplicating unit and/or by way of the first recess in the second 
duplic ating unit and/or by way of the first recess in the template To apply the sealing 
compound preferably a feed means which can comprise for example a hose or a tube is used 
Preferably, there is a flange or other coupling means with which the supply means can be 
connected to one of the first recesses with sealing 
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[0015] In the above explained mnnertinn it is also considered to he advantageous if it is 

provided that when the sealing compound is applied, a mandrel extends at least partially through 
the first recess in the first duplicating unit and/or the first recess in the second duplicating unit 
and/or the first recess in the template The mandrel, preferably, has only slightly smaller outside 
dimensions than the inside dimensions of the first openings, The viscosity of the sealing 
compound is preferably chosen such that only little or no sealing compound runs into the 
opening which is then cleared when the mandrel is removed. 

[0 0 16] In certain embodiments of the process of the invention, it is provided that the 

first duplicating unit has a second recess and/or the second duplicating unit has a second recess 
and/or the template has a second recess, Here, it is preferred that the existing second recesses 
are aligned with one another in the stack direction 

[0017] In this connection it is preferred that the first recess of the template is connected 

to the second recess of the template by way of the first channel Tn this case, the second recesses 

which are aligned with one another can form a filling channel for the sealing compound, the 

sealing mmpnnnH traveling hy way of the first channel from the fill opening to the first recesses 

in which preferably the aforementioned mandrel is located, Here, it is considered to he 

advantageous if the fill channel has a cross sectional area which is relatively large compared to 
the cross-sectional area of the seal section which is to be formed, Tn this way, the hydrodynamic 

i 

pressure loss in the fill channel is much smaller than in the sealing channel when a fluid (or the 
sealing compound) flows through the two channels 

[0018] It can be furthermore provided that the application of the sealing mass takes 

place at least in part by way of the second recess in the first duplicating unit and/or hy way of 

the second recess in the second duplicating unit and/or hy way of the second recess in the 

template. 

[0019] Furthermore, it can be provided that the sealing compound present in the second 

recess in the first duplicating unit and/or in the second recess in the second duplicating unit 
and/or in the second recess in the template is at least partially removed again, especially using a 
second mandrel Alternatively, the sealing compound can remain in the channel formed by the 
second recesses and can cure there in order to increase the stability of the overall structure 

[0020] For all embodiments of the process in accordance with the invention, it is 

preferred that the first duplicating unit and the second duplicating unit are at least temporarily 
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rompreggeH in the eonrge of placing the waling mmpniinH in the arpa whieh ig hordered hy the 

first scaling surface, the second scaling surface and the edge area of the template When the 
sealing compound is being added, this prevents the duplicating units from being moved apart hy 

the sealing compound In later process steps, the compression can contribute to causing a 

collapse of the template(s) 

[0021] The invention is also intended to encompass any fuel cell stack which is 

prodneed with the proregg of the invention Thig applieg egperifllly to a fiiel rell gtark in whieh 

at least two seal sections which are at least essentially aligned with one another in the stack 
direction of the fuel cell stack are connected by sealing compound The seal sections which are 
connected by the sealing compound and which are located on top of one another between 
several duplicating units constitute a distinct indicator that the process in accordance with the 
invention has been used 

[0022] The finding that, by using templates located between two duplicating units at a 

time, it is possible to form a plurality of seals which are to he provided on top of one another at 
the same time is critical to this invention 

[0023] Preferred embodiments of the invention are explained by way of example below 

with reference to the accompanying drawings. 

Rrief Description of the Drawings 

[0024] Figure 1 are top views and cross-sectional views taken along line T-T of the top 

views of a first and a second duplicating unit and of a template; 

[0025] Figure 7. shows the template from Figure 1 located on the first duplicating unit 

from Figure 1 in a top view and a cross-sectional view taken along line I-T of the top views; 

{0026] Figure 3 shows the second duplicating unit from Figure 1 located on the 

arrangement from Figure 2 in a top view and a cross-sectional view taken along line T-T of the 
top view; 

[0027] Figure 4 is a cross-sectional view taken along line T-I of Figure 3 and which 

illustrates application of the sealing compound; 

[0028] Figure 5 is a sectional view of the arrangement shown in Figure 4 taken along 

line II-TT thereof; and 
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[0029] Figure fx shnwQ is a vipw corresponding to Figure S showing a completed seaj 

section 

Detailed Description of the Invention 
[0030] Figure 1 shows a first duplicating unit 10, a second duplicating unit 16 and a 

template 22 As shown in Figure 1 the first duplicating unit 10 hag a first sealing surface 10a, 

and a first opening 17 and a second opening 14 The second duplicating unit 16 has a second 

sealing surface 1 6a and a first recess 1 8 and a second recess 70, 

[0031] In this case, the structure of the first duplicating unit 10 and the structure of the 

second duplicating unit 16 are identical, although the invention is not limited to these 
emhodiments since applications are also possible in which seals arranged differently are formed 
between different duplicating units 

[0032] A template 77 is shown between the first duplicating unit 10 and the second 

duplicating unit 16, The template 77 has a first recess 74 and a second recess 76 The periphery 
of the first recess 74 in the template 77, in this case, defines an edge area 3? which is intended 
to he located adjacent to the seal section which is to he formed The first recess 74 and the 
second recess 76 of the template 7? are connected to o ne a nother b y a fi rst c hann el 7 8 
Furthermore, the outside periphery of the template 7? is connected by way o f a s econd 
channel 30 to the first recess 74 

[0033] Figure 7 shows the template 7? from Figure 1 located on the first duplicating 

unit 1 0 from Figure 1 and from which it can he seen that th e dimensions of the first rece s s 74 in 
the template 77 are chosen to be somewhat larger that the dimensions of the first recess 1 7 in the 

first duplicating unit 1 0 The excess of the first recess 94 in the template 77 defines the width of 

the seal section which is to he formed and which is to he made in this case essentially in the 
shape of a circular ring around of the first recess 1 7 of the first duplicating unit 1 0. 

[0034] Figure 3 shows the second duplicating unit 16 from Figure 1 located on the 

arrangement from Figure 7 with the template 77 located between the first duplicating unit 10 
and the second duplicating unit 16 such that the first recesses 17, IS, 74 and the second 

recesses 14 ; 70 ; 76 are aligned with one another in the stack direction at least in essence 

[0035] Figures 4 AV. 5 illustrate the application of the sealing compound 40 For the sake 

of clarity, Figure 4 shows only two duplicating units 10, 16 with a template 77 located in 
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between Rnt^ one skilled in the art easily recogni?es that the process of the invention entails 

advantages especially when a fiiel cell stark is starker! with a plurality of duplicating units anH 

templates located between them 

[0036] Recesses aligned with one another in the individual duplicating units ran form 

one or more channels which extend essentially parallel to the stack avis through the fiiel cell 

Stack, especially gas Supply channels In this case ; the seal gaps which form he tween the 

individual duplicating units must he sealed to prevent escape of gas to the outside when the fuel 

cell is in operation The seals which are made between the duplicating units in accordance with 
the invention should generally he made electrically insulating so that the duplicating units are 

not electrically short-circuited Furthermore, it is necessary in many cases for the seals to be 

fluid-tight even at high temperatures, and preferably, also under mechanical vibrations, for 
which reason especially a glass solder is considered as the seal material 

[00.17] Furthermore, Figure 4 shows only one lower end plate 14 However, it will be 

clear to one skilled in the art that the fiiel cell stack generally also has an upper end plate which 

is not shown In the illustrated case, the end plate 34 does not have an opening which is aligned 

to the first openings 17, 18, 74 and is therefore used as a permanent blocking element which 

also remains a component of the arrangement even after the sealing compound 40 is applied 

[00.18] . Alternatively, the use of at least one temporary blocking element which is 

removed after the sealing compound is applied is conceivable Similarly, both permanent and 

also temporary clamping devices for mechanical bracing of the fiiel cell stack are possible. 

[0019] Although, as mentioned, with the process of the invention, preferably a plurality 

of seal sections are produced at the same time, the production of only one seal section 47 which 

seals the first recesses 17 1 ft in the duplicating units 10 16 is explained below 

[0040] To produce the seal section, the first duplicating unit 10, the template 77 and the 

second duplicating unit 16 are stacked on an end plate 34 such that the respective recesses 17, 
1 8, 74 or 1 4, 70, 76 are aligned with one another The second recesses 1 4, 70, 76 form a supply 
or fill opening 40 for the sealing compound A supply means 18 which is shown only 
schematically in Figure 4 is connected to this fill opening with sealing so that the sealing 

compound 40 which has been applied to the second recesses 14 90 96 travels hy way of the 
channel 7ft of the template 97 into the first recesses 19 IS and 94 The sealing compound is 
preferably applied under high pressure According to the hydrodynamic pressure loss generally 
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the fill channel formed hy the two reresses 14 90 96 is completely filled first Afterwards thf* 

sealing compound 40 is distributed in the sealing channels The displaced air can leave the 
channels, for example, through the second channel 30 of the template 22 or through the 
template 22 if it has a porous structure 

[0041] During application of the sealing compound 40., the entire arrangement is 

compressed hy an externally applied, preferably controlled force F The second channel 30 of 

the template ?,?, makes it possible for a sealing compound 40 which may have been applied in 
excess to escape again Tn the first recesses 12, IS, and 74 which are aligned with one another 
there is a mandrel 36 with outside dimensions which are somewhat smaller than the inside 
dimensions of the first recesses 1?,, 18 The mandrel 36 is used especially to suitably establish 
the cross-sectional ratio of the fill opening which has been formed hy the second recesses and 
the seal which is to he formed in order to achieve hydrodynamically favorable properties 
[0042] At the end of the filling process, all of the sealing channels are filled with the 

Sealing Compound 40 Further pressing-in of the sealing compound 40 leads to the sealing 

compound 40 penetrating into the second channel 30 or into the pore structure of the 
template 22 — This rapidly increases the pressure in the seal channel, and thus, in the fill channel 
This pressure rise can be advantageously detected in order to end the filling process, 

[0043] Basically, it holds that the application of the sealing compound 40 can he 

supported hy a negative pressure (vacuum) which prevails against the outer sides of the 

template 22 relative to the inner sides Since the pressure is continuously equalized by the 

second channel 30 and the porous configuration of the template 22, the negative pressure must 

he maintained if necessary by continuous after-pumping in the device The negative pressure 

provides for the sealing compound being sucked more rapidly into the recess of the template ?,?, 
and for preventing the formation of air inclusions/air bubbles 

[0044] As. soon as the sealing compound 40 is fixed in its gap, the mandrel 36 can be 

removed without a significant amount of the sealing compound 40 traveling into the first 
recesses 17, 18 — Rut, alternatively, it can likewise be provided that the mandrel 36 is formed, for 
example, by a tie rod which is left in the fuel cell stack in order to maintain bracing of the 
finished product After the supply means 38 has been decoupled, the entire arrangement is 

placed for example in a fnrnare optionally while maintaining compression by the fhree F in 

order to cure the sealing compound 40, 
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1 0045 1 Tn this rase ; due to the temperature rise the sealing compound 40 first release*; 

its solvents or diluents and possible binders The vapors can escape through the second 

channel ^0 of the template 22 or through the template 7? if it is made porous As time 

progresses, after all the binders and solvents have escaped from the sealing compound, the 
sealing compound is present, for example, as the dry raw substance of a glass solder, i e , as a 

p o rons body with the shape of the seal section which is to be formed Such a porous base body 

constitutes a mechanical resistance when the fhel cell stack is compressed (Le , when the sealing 

surfaces 10a 16a are compressed) Therefore, the pore body will possibly collapse in a 

controlled manner as the compression increases, and in doing so, decrease in its height 

(reduction of pore volume) As time passes, the components of the seal section or of the sealing 

element begin to sinter and melt according to the composition of the glass solder — In doing so, a 
transition takes place from the solid to a highly viscous liquid consistency of the sealing 
element, As the temperature increases further ^ the glass solder melts completely and wets the 
surfaces of successive duplicating units 10, 16, which surfaces are to he sealed relative to one 
another, The high quality non-Newtonian flow behavior of such a glass melt and the capillary 

action w ithin the sealing gap prevent the glass solder from being pressed completely out of the 

sealing gap within a defined time interval, even as the sealing surfaces are further compressed 
The continued compression, and thus, the reduction of the height of the sealing element are 
advantageous for equalizing the shrinkage of the seal section which can occur by the release of 
hinders and solvents as well as enclosed air and gas bubbles 

[0046] Further compression of the fuel cell stack in the course of the joining process can 

take place, for example, according to the two following versions 

[0047] Tn the case of a combustible template 22, it burns preferably without residues as 

the temperature continues to rise, Compression of the fuel cell stack caused by temporary or 
permanent bracing of the fuel cell stack during the combustion process causes the template 77 to 
collapse during combustion The successive duplicating units are prevented from touching each 

other hy the limiting anrl/ or meterin g of the compression force F Touching would result in that 

the sealing compound 40 under certain circumstances would he pressed completely out of the 

sealing gap and the duplicating units 10 1 f> and moreover would electrically short circuit — By 

limiting the force F, the sealing compound 40 remains essentially in its original form in the 
plane which was defined by the sealing gap so that a surface seal (seal section 47.) is formed 
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aronnd the recesses 17^ 1ft which are to hp sealed The height of the seal section 47 r>r of thp> 
sealing element is (somewhat) smaller than the height of the original air gap (negative form.) 
Since the sealing compound 40 J as mentioned releases hinder anrl solvent during the melting 
process and thllS Shrinks Tt is therefore advantageous to track the bracing of the fhel cell stack 

during combustion 

[004S] Tn another version the template 77 is not hnmed (without residue) hut selective 

collapse of the template 22 is caused hy the bracing of the fuel cell stack, supported hy the loss 

(thermal decomposition) of at least one slnichire-forming component Tn this case, the 

electrically insulating action of the template 22 or of the corresponding decomposition products 

can be advantageously used to reliably prevent short circuits between successive du plicating 

units 10, 16, 

[0049] Figure 6 shows a top view of a completed seal section corresponding to Figure 5 

Figure 6 shows that the seal section 47. which has been produced in accordance with the 

invention extends in the shape of a circular ring around the first recess 1 7 in the first duplicating 

unit 10 so that the seal section 4? forms a channel which connects the first recesses 1?., 1ft The 
sealing compound present in the second recess 14 was removed as shown i n Fig ure 6 b efore 

curing of the sealing compound 40 by means of anoth er mandrel (not shown) Rnt 

embodiments are likewise conceivable in which the sealing compound 40 remains in the second 

recesses in order to increase the stahility of the overall structure 

[0050] Although the above explained embodiments of the invention can be considered 

especially advantageous, a plurality of modifications is possible For example, embodiments are 
conceivable in which there are no second recesses so that the sealing compound is added 

directly to the first recesses The mandrel 36 can he abandoned if necessary Tt is likewise 

conceivable for the mandrel 36 to be inserted only after the sealing compound is applied in 

order to remove the sealing compound from the first recesses Alternatively, the sealing 

compound can remain in the first recesses 

[0051] Furthermore, it can he provided that the sealing compound 40 is filtered by a 

porous configuration of the template 7? In this case, the second channel 10 of the template 22 

is preferably omitted. The sealing compound 40 is pressed from the sealing gap through the 

template 77 hy the internal pressure Tn doing so, solid particles (glass solder) are retained while 
the diluent of the sealing compound 40 (water) is pressed to the outside as a filtrate and runs off 
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Tn this way in sp ite nf highly diluted sealing mmpnunH 40 which can therefore flow hetter a 
very compact blan k for the seal section which is to he made can he formed (filter cake) 

[0052] The rapid and controlled outflow of the diluent through the porous structure of 

the template can he improved hy a surface modification of the fiher or pore structure by 

increasing the we tting of the fiher/pore structure hy the solvent In the Case of water, for 

example a hydrophilio surface layer or impregnation with a hydrophilic component nan 

improve the discharge of water to the outside. 

[0053] The features of the invention disclosed in the description above, in the drawings 

and in the claims can be significant to the implementation of the invention both individually and 
also in any combination 
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What is claimed is: 
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Abstract 

A method for producing a fiiel cell stack having the fnl lowing steps* a) providing a firof 

duplicating unit (10) with a first sealing surface (10a) and at least one second duplicating unit 
(16) with a second sealing surface (1 6a) and h) forming at least one sealing section (49) hetween 

the first sealing surface (10a) and the second sealing surface (16a) The; step h) includes the 
steps of hi) arranging a template (?,?.) hetween the first sealing surface (10a) and th e s econd 
sealing surface (1.6a), wherehy the template (?,?,) has at least one — edge area (32) which is 
arranged adjacent to the sealing section to he formed (4?), and h?) introducing a sealing 
compound (40) into an area which is defined hy the first sealing surface (10a), th e s econd 
sealing surface (1 6a) and the edge area (32) of the template (??) 



